1. Background {#sec1}
=============

Acute respiratory failure (ARF) is a critical condition faced in emergency departments (EDs). It can result from many conditions, such as cardiogenic pulmonary edema, pneumonia, or acute exacerbation of chronic obstructive pulmonary disease and has a high mortality rate \[[@B1]\]. Conventional oxygen therapy (COT), including a nasal cannula, face mask, venturi mask, and nonrebreathing mask, can be provided to correct hypoxemia. However, the maximal flow rate of COT devices is 15 L/min, which is not enough for patients with ARF. Thus, escalating oxygen therapy to noninvasive ventilation (NIV, e.g., biphasic positive airway pressure) or invasive ventilation may be needed.

Some studies have demonstrated that intubation in ARF patients is associated with an increased complication rate and mortality rate when compared with NIV \[[@B2]--[@B4]\]. Even so, NIV is associated with some disadvantages, such as gastric distension, vomiting, claustrophobia, possible nasal skin damage, and difficulty in speaking and coughing, and may lead to treatment failure \[[@B5]\]. According to a previous report, the NIV failure rate in ARF patients ranges from 5% to 60%, depending on numerous factors \[[@B6]\]. Another investigation revealed that up to 25% of chronic obstructive pulmonary disease acute exacerbation patients do not tolerate NIV for several reasons \[[@B7]\]. Therefore, using an ideal NIV device for patients not only improves comfort and dyspnea levels but also decreases intubation and mortality rates potentially.

In recent years, many studies have shown clinical benefits associated with high-flow nasal cannula (HFNC) therapy in ARF patients \[[@B8]\], the oxygen support of preoxygenation \[[@B9]\], acute pulmonary edema \[[@B10]\], the maintenance of oxygenation during bronchoscopy \[[@B11]\], and the prevention of reintubation \[[@B12]\] because an HFNC can provide warmed, humidified, and up to 100% oxygen. When compared to COT and NIV, HFNC therapy has some potential advantages. First, an HFNC can deliver a constant and wide FiO~2~ range according to the patient\'s needs. Second, a maximum flow of 60 L/min can generate positive end-expiratory pressure, resulting in the elimination of some airway dead space, improving oxygenation \[[@B13]\]. Third, inspired warm and humidified oxygen can optimize mucosal functions, maximize mucociliary clearance and help expectoration \[[@B14]\]. Finally, using an HFNC can decrease the interruption of oxygen therapy (e.g., during eating, drinking, or talking) and increase patient compliance, resulting in potentially improved outcomes \[[@B15]\]. Previous systematic reviews analyzing heterogeneous study methods (combining observational and randomized controlled trial (RCT) data \[[@B16]\]) and populations (combined ICU and ED populations \[[@B17]\]; those with ARF, and postextubation and postoperation populations \[[@B18], [@B19]\]) may cause controversial results. Thus, clarifying the use of HFNCs for ARF patients in EDs is necessary. In this study, we conducted a recent systematic review and meta-analysis to evaluate the differences between using HFNC therapy and COT or NIV in ARF patients in EDs.

2. Methods {#sec2}
==========

This study design followed the Cochrane Handbook for Systematic Reviews of Interventions guidelines \[[@B20]\] and Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statements \[[@B21]\].

3. Eligibility Criteria {#sec3}
=======================

3.1. Types of Studies {#sec3.1}
---------------------

Only RCTs were eligible. We excluded retrospective studies, observational studies, before-after studies, crossover studies, case reports, abstract publications, and conference presentations.

3.2. Types of Participants {#sec3.2}
--------------------------

We included adult patients (\>18 years old) with ARF due to any cause admitted to ED. "ARF" was defined as an SpO2 \<92% in room air, a PaO~2~/FiO~2~ (ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen) \<300, clinical symptoms and signs (including a respiratory rate \>24 breaths per minute, the use of accessory muscles to breath, or shortness of breath at rest) or "author" definitions. Postoperation, postextubation, and ICU patients were all excluded.

3.3. Types of Interventions {#sec3.3}
---------------------------

Studies comparing HFNC therapy with COT and/or other NIV devices were included. There was no oxygen flow or concentration restriction for the intervention group (HFNC) or the comparison group (COT and/or other NIV devices).

3.4. Types of Outcome Measures {#sec3.4}
------------------------------

Our primary outcome was the intubation rates of both of the groups. The secondary outcomes were the mortality rate, ICU admission rate, ED discharge rate, need for escalation, length of ED stay, length of hospital stay, and patient dyspnea and comfort scores. We also considered 2 subgroup analyses according to the intervention device (HFNC versus COT and NIV versus COT) and treatment duration (HFNC ≤2 hours versus COT and HFNC \>2 hours versus COT).

3.5. Search Methods for Identification of Studies {#sec3.5}
-------------------------------------------------

We comprehensively searched 3 databases (PubMed, EMBASE, and the Cochrane Library) for articles published from database inception to 12 July 2019. The following key words or medical subject headings (MeSH) terms were used: *high-flow nasal cannula*, *high-flow nasal*, *high-flow oxygen therapy*, or *high-flow therapy*, and *emergency department*, *emergency room*, *emergency unit*, *or emergency service*. To avoid the loss of possible studies, we also reviewed the references of the identified articles. No language restriction was applied.

3.6. Data Extraction, Quality Assessment, and Grading of the Quality of Evidence {#sec3.6}
--------------------------------------------------------------------------------

Two authors (CCH and HML) extracted the data from the reviewed articles independently. We used an unweighted kappa score to test interrater reliability. If any disagreement occurred, it was resolved by discussion, consensus, or consultation with a third author (CJL). The following data were collected for each eligible study: authors, publication year, study design, study group, intervention/control detail, and outcome data.

The risk of bias was independently assessed by two authors (CCH and HML) according to the Cochrane Handbook for Systematic Reviews of Interventions guidelines, chapter 8 \[[@B20]\]. There were 7 domains that were assessed for each study: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias. Each domain was rated as having low risk (green), unclear risk (yellow), or high risk (red).

We also used the Grading of Recommendation, Assessment, Development, and Evaluation (GRADE) method \[[@B22]\] to evaluate the quality of evidence, which was classified as very low, low, moderate, or high, for the primary and secondary outcomes.

3.7. Statistical Analysis {#sec3.7}
-------------------------

All data were analyzed by Review Manager (RevMan, Version 5.3, Copenhagen: The Nordic Cochrane Center, The Cochrane Collaboration, 2014). Because some of the included studies presented results as medians, interquartile ranges, or minimum/maximum values, we use the Wan et al. method to estimate the sample mean and standard deviation \[[@B23]\]. We expressed dichotomous data as risk ratios (RRs) and continuous data as mean differences (MDs) or standardized mean differences (SMDs). For all of the results, 95% confidence intervals (CIs) were calculated. To evaluate heterogeneity, we used chi-square and *I*^2^ tests. If the heterogeneity was nonsignificant (*I*^2^ \< 50%), we applied fixed-effects models; otherwise, we applied random-effects models for analysis. In addition, we performed a visual inspection of the funnel plot to assess publication bias, and a sensitivity analysis was conducted by repeating the analysis after removing one RCT at a time. Finally, the results were presented in forest plots.

4. Result {#sec4}
=========

A total of 2371 potentially eligible studies were initially identified. After screening titles and abstracts, 55 full-text studies were retrieved for eligibility screening. Then, we excluded studies conducted in ICU settings, review articles, nonrandomized controlled trials, case reports, conference abstracts, studies involving non-ARF patients, and studies involving pediatric patients. Finally, 5 RCTs \[[@B24]--[@B28]\] including 775 patients were entered into our meta-analysis ([Figure 1](#fig1){ref-type="fig"}). The interrater reliability of study screening (kappa score, 0.76; 95% CI, 0.68--0.86) and risk of bias assessment (kappa statistic 0.77, 95% CI: 0.57--0.98) were good. The mean age ranged from 63.4 to 73.7 years old. Of the 5 RCTs, 1 RCT \[[@B28]\] compared HFNC therapy with NIV and the others \[[@B24]--[@B27]\] compared HFNC therapy with COT (nasal cannula, face mask, venturi mask, or nonrebreathing mask). The flow in the HFNC group was 35 L/min or more at initiation, and the duration of therapy ranged from 1 hour to 72 hours. The main causes of ARF were chronic obstructive pulmonary disease (COPD), pneumonia, and cardiac-related disease in our included studies. The basic characteristics of the included studies are shown in [Table 1](#tab1){ref-type="table"}. Owing to the lack of an NIV group in the other studies, we were not able to analyze the RCT \[[@B28]\] that compared HFNC with NIV. In addition, there was no event (intubation) in one RCT \[[@B25]\], and the data in the included studies were too insufficient to obtain valuable conclusions. Because of the above 2 reasons, we were not able to perform subgroup analyses.

4.1. Risk of Bias of the Included Studies {#sec4.1}
-----------------------------------------

The risk of selection bias in our included studies was all low, except for 1 RCT \[[@B25]\] that had an unclear risk of bias. The risk of performance bias was all high because it was impossible to blind patients and personnel in the clinical setting when comparing HFNC to COT. The other risk of bias results is shown in [Figure 2](#fig2){ref-type="fig"}.

4.2. Quality Assessment {#sec4.2}
-----------------------

[Table 2](#tab2){ref-type="table"} summarizes all outcomes and the quality of evidence of the articles included in this meta-analysis. The intubation rate, length of ED/hospital stay, and patient dyspnea level were of low quality, and the others were of moderate quality. A visual inspection of the funnel plot revealed no publication bias (Additional [](#supplementary-material-1){ref-type="supplementary-material"}).

4.3. Primary Outcome {#sec4.3}
--------------------

Four RCTs including 571 patients reported the intubation rates for both groups. Ten of 296 (3.38%) patients in the HFNC group were intubated, and 17 of 275 (6.18%) patients in the COT group were intubated. There was a decreasing trend of HFNC therapy and intubation rate, but it was not statistically significant (RR, 0.53; 95% CI, 0.26--1.09; *p*=0.08; *I*^2^ = 0%) ([Figure 3(a)](#fig3){ref-type="fig"}).

4.4. Secondary Outcomes {#sec4.4}
-----------------------

### 4.4.1. Mortality, ICU Admission Rate, and ED Discharge Rate {#sec4.4.1}

We did not observe a difference in the mortality rate (RR, 1.25; 95% CI, 0.79--1.99; *p*=0.34; *I*^2^ = 0%), ICU admission rate (RR, 1.11; 95% CI, 0.58--2.12; *p*=0.76; *I*^2^ = 0%), or ED discharge rate (RR, 1.04; 95% CI, 0.63--1.72; *p*=0.87; *I*^2^ = 0%) between the HFNC and COT groups (Figures [3(b)](#fig3){ref-type="fig"}, [4(a)](#fig4){ref-type="fig"}, and [4(b)](#fig4){ref-type="fig"}).

### 4.4.2. Need for Escalation {#sec4.4.2}

If the patient could not tolerate initial therapy (HFNC therapy or COT) or therapy failed, patient oxygenation required escalation to avoid hypoxia. The escalation strategies in our included studies were similar. Two RCTs \[[@B26], [@B27]\] escalated to NIV or invasive ventilation in both the HFNC and COT groups. One RCT \[[@B24]\] escalated to NIV or invasive ventilation in the HFNC group and HFNC, NIV or invasive ventilation in the COT group. No escalation was needed in 1 RCT \[[@B25]\]. HFNC therapy decreased the need for escalation compared to COT (RR, 0.41; 95% CI, 0.22--0.78; *p*=0.006; *I*^2^ = 0%) ([Figure 4(c)](#fig4){ref-type="fig"}).

### 4.4.3. Length of ED Stay and Hospital Stay {#sec4.4.3}

The length of ED stay (MD 1.66, 95% CI −0.95 to 4.27) and hospital stay (MD 0.9, 95% CI −2.06 to 3.87) were similar in both the HFNC and COT groups ([Table 2](#tab2){ref-type="table"}).

### 4.4.4. Dyspnea Score {#sec4.4.4}

The dyspnea score in the HFNC group was significantly lower than that in the COT group (MD −0.82, 95% CI −1.45 to −0.18) ([Table 2](#tab2){ref-type="table"}). Two of the 4 RCTs reported measurable dyspnea scores. One RCT \[[@B25]\] used a numerical rating scale ranging from 0 to 10, and the other RCT \[[@B27]\] used a visual analog scale ranging from 0 to 10. Of the included RCTs, 1 RCT \[[@B24]\] defined patient dyspnea as a reduction in the respiratory rate \>20% from baseline and a reduction in the Borg score. Both arms showed a significant decrease in the dyspnea level in the HFNC group (reduction in the respiratory rate \>20% from baseline: HFNC 32/48 (66.7%), COT 20/52 (38.5%), *p*=0.005; reduction in the Borg score: HFNC 36/48 (75%), COT 29/52 (55.8%), *p*=0.044).

### 4.4.5. Comfort Score {#sec4.4.5}

Because different scoring systems, including a 5-point Likert scale, numerical rating scale, and visual analog scale, were used in different RCTs, we calculated SMDs to evaluate patient comfort levels. Three of the 4 RCTs reported measurable comfort scores, and patients in the HFNC group were more comfortable than those in the COT group (SMD −0.76 SD, 95% CI −1.01 to −0.51) ([Table 2](#tab2){ref-type="table"}).

5. Discussion {#sec5}
=============

The most important result of this meta-analysis is that HFNC therapy for ARF patients in EDs can reduce the need for escalation oxygen therapy compared with COT. This result was similar to that in recent meta-analyses \[[@B17], [@B29], [@B30]\]. Although there were no differences found in the mortality rate, there was a decreasing trend between HFNC therapy and intubation rate in ARF patients, despite the lack of statistical significance. On the other hand, we did not observe an influence of HFNC therapy on the ICU admission rate, ED discharge rate or length of ED/hospital stay. A meta-analysis by Maitra et al. \[[@B31]\], which included 5 trials (*n* = 759), revealed no difference in the requirement of increased respiratory support between the HFNC therapy and COT groups. However, the study enrolled not only ARF patients but also postcardiac operation patients, and the heterogeneity was high. In addition, Rochwerg et al. \[[@B17]\], Monro--Somerville et al. \[[@B19]\], Bocchile et al. \[[@B30]\] who conducted 3 previous meta-analyses including 7 trials (*n* = 1647), 8 trials (*n* = 1567), and 6 trials (*n* = 839), respectively, demonstrated that HFNC therapy significantly reduced the intubation rate compared to COT. In our study, we did not observe an apparently reduced intubation rate in the HFNC group, probably because of the low patient number.

The other important result of this meta-analysis is that treating ARF patients with HFNC therapy resulted in lower patient dyspnea scores and higher patient comfortable than treating ARF patients with COT. All of our included RCTs revealed that HFNC therapy was better than COT regarding dyspnea and comfort scores, except for 1 RCT \[[@B26]\]. This RCT by Jones et al., which used a 5-point Likert scale to evaluate patient dyspnea and comfort levels, present the results by combining the best 2/other 3 or worst 2/other 3 categories for positive and negative questions, respectively, so we were not able to quantitatively pool these data. HFNC therapy can provide warmed, humidified, and 100% oxygen, which may explain the reduction in the need for escalation oxygen therapy compared to COT. Other features such as removing airway dead space, improving oxygenation, optimizing mucosal functions, maximizing mucociliary clearance, promoting expectoration, and decreasing interruptions to oxygen therapy are also possible reasons for the decreasing trend in the intubation rate, improved patient dyspnea scores, and improved comfort levels associated with HFNC therapy.

In this study, we noted that some targeted studies are heterogeneous with their methods and case mix. For example, three RCTs \[[@B24]--[@B26]\] included all kinds of ARF patients (COPD, pneumonia, cardiac-related disease, and others) while 1 RCT \[[@B27]\] only included cardiogenic pulmonary edema patients. In addition, initial FiO~2~ (ranged from 28% to 100%), flow rate (ranged from 35 L/min to 50 L/min) of HFNC, duration of therapy (ranged from 1 hour to 9.3 hours), and authors\' definitions of ARF were all different. Although the inclusion studies were heterogeneous, most of the outcomes did not reveal statistical heterogeneity (*I*~2~ or inconsistency). The FiO~2~ and the flow rate needed to titrate to clinical demand in all including patients. Moreover, most improvements in respiratory effort and oxygenation were already obtained at the flow rate of 30 L/min \[[@B32]\]. These are possible reasons to explain consistency of most outcomes despite different cause of ARF and initial settings.

HFNC also plays an important role in acute exacerbations of chronic obstructive pulmonary disease (AECOPD). AECOPD with respiratory failure, a kind of type II respiratory failure, is caused by airflow obstruction or increasing dead space. As previously mentioned, HFNC can generate about 2--4 cm H~2~O positive end-expiratory pressure \[[@B33]\], resulting in decreasing PaCO2 level and improving oxygenation by elimination of some airway dead space \[[@B13]\]. Furthermore, titrated oxygen therapy with target saturation of 88--92% can significantly reduce mortality, hypercapnia, and respiratory acidosis in AECOPD \[[@B34]\]. HFNC is able to deliver a constant and wide FiO~2~ range oxygen, so it can titrate with target saturation of 88--92% depending on clinical needs. According to the 2019 Global Initiative for Chronic Obstructive Lung Disease (GOLD) guideline, HFNC may be an alternative to standard oxygen therapy or noninvasive positive pressure ventilation in AECOPD \[[@B35]\]. There are also some investigations demonstrate using HFNC in COPD patients can decrease PaCO2 level \[[@B36]\], respiratory effort, and improving oxygenation \[[@B37]\]. Thus, applying HFNC to AECOPD patients is reasonable respiratory support.

There was a decreasing trend between HFNC therapy and intubation rate in ARF patients, but there were no differences found in the mortality rate. There was a concern about that delay intubation could increase mortality in ARF patients treating with HFNC. Because HFNC could improve respiratory effort and patients "looked" better initially, they would not be intubated in a timely manner. Kang et al. illustrated failure of HFNC therapy may delay intubation and increase mortality \[[@B38]\]. However, the "delay" was defined as \>48 hours after HFNC therapy, which was far from our included RCTs (ranged from 1 hour to 9.3 hours). In addition, there were various etiologies of ARF, such as COPD, pneumonia, pulmonary edema, asthma, pulmonary embolism, and other causes, in the included RCTs. Not every disease initially benefited equally from HFNC therapy. Messika et al. demonstrated that increased breathing frequency, an increased Simplified Acute Physiology Score (SAPS) II score, and decreased PaO~2~/FiO~2~ were associated with HFNC treatment failure \[[@B39]\].

To the best of our knowledge, this is the first meta-analysis regarding the use of HFNC for ARF patients in EDs. The advantages of this analysis include performing a comprehensive article search in 3 databases (PubMed, EMBASE, and the Cochrane Library). In addition, only RCTs involving HFNC therapy, COT or NIV for de novo acute hypoxemic respiratory failure patients in EDs were included in our meta-analysis. Moreover, we used the GRADE method to evaluate the quality of evidence for primary and secondary outcomes. There were also several limitations to this study. Firstly, the number of RCTs comparing HFNC to COT or NIV for patients with ARF in EDs were too few to include in our meta-analysis, so we were not able to perform subgroup analyses, and the low patient number increased the risk of bias. Secondly, our quality of evidence for outcomes was low to moderate and was affected by serious risk of bias, inconsistencies, and imprecision. Finally, we did not have enough power to evaluate publication bias by inspection of a funnel plot because of the small sample size. Therefore, further large-sample studies are warranted to clarify the role of HFNC therapy for ARF patients in EDs.

6. Conclusion {#sec6}
=============

In this meta-analysis, we demonstrated that HFNC therapy for ARF patients in the ED might decrease the intubation rate compared to COT. In addition, it can decrease the need for escalation, decrease the patient\'s dyspnea score, and increase the patient\'s comfort level compared to COT. Further high-quality and large-sample studies are warranted to confirm the role of HFNC therapy for ARF patients in EDs.

Data Availability
=================

All data are available for all users. We comprehensively searched 3 databases (PubMed, EMBASE, and the Cochrane Library) for articles published from database inception to 12 July 2019. Only randomized controlled trials (RCTs) were conducted in EDs and HFNC therapy was compared to COT or NIV.
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A visual inspection of the funnel plot revealed no publication bias.

###### 

Click here for additional data file.

![PRISMA flow diagram.](EMI2019-2130935.001){#fig1}

![Risk of bias summary.](EMI2019-2130935.002){#fig2}

![Intubation rate and mortality rate. (a) Intubation rate: HFNC group versus COT group. (b) Mortality rate: HFNC group versus COT group.](EMI2019-2130935.003){#fig3}

![Other secondary outcomes. (a) ICU admission rate: HFNC group versus COT group. (b) ED discharge rate: HFNC group versus COT group. (c) Need for escalation: HFNC group versus COT group.](EMI2019-2130935.004){#fig4}

###### 

The basic characteristics of the included studies.

  Study, year                    Design   Setting   Age, years^*∗*^   Cause of ARF                                                                     Sample size   Duration of therapy         
  ------------------------------ -------- --------- ----------------- -------------------------------------------------------------------------------- ------------- --------------------- ----- --------------------
  Bell et al. \[[@B24]\]         RCT      ED        73.7 ± 17.5       COPD, respiratory tract infection, cardiac related, pulmonary embolism, asthma   48            52                    ---   2 h
  Rittayamai et al. \[[@B25]\]   RCT      ED        64.6 ± 15.1       CHF, pneumonia, asthma, COPD, others                                             20            20                    ---   1 h
  Jones et al. \[[@B26]\]        RCT      ED        73.5 ± 16.2       COPD, pneumonia, asthma, others                                                  165           138                   ---   5 h
  Makdee et al. \[[@B27]\]       RCT      ED        70 ± 15           Cardiogenic pulmonary edema                                                      63            65                    ---   2.9 h (0.2--9.3 h)
  Doshi et al. \[[@B28]\]        RCT      ED        63.4 ± 14         COPD, CHF, pneumonia, asthma                                                     104           ---                   100   72 h

RCT, randomized controlled trial; ED, emergency department; COPD, chronic obstructive pulmonary disease; CHF, congestive heart failure; h, hours. ^*∗*^Mean ± standard deviation (SD).

###### 

The summary of outcomes and GRADE quality assessments.

  Quality assessment              No of patients   Effect        Quality       Importance                                                                                                                                   
  ------------------------------- ---------------- ------------- ------------- ------------- ------------- ------ ---------------- ---------------- ------------------ -------------------------------------- ------------- ----------
  Intubation rate                                                                                                                                                                                                           
  4                               RCTs             Serious^a^    Not serious   Not serious   Serious^b^    None   10/296 (3.4%)    17/275 (6.2%)    0.53(0.26--1.09)   −32 per 1000 (from −69 to 4)           ⊕⊕Low         Critical
                                                                                                                                                                                                                            
  Mortality rate                                                                                                                                                                                                            
  2                               RCTs             Not serious   Not serious   Not serious   Serious^b^    None   36/228 (15.8%)   24/203 (11.8%)   1.25(0.79--1.99)   32 per 1000 (from −32 to 95)           ⊕⊕⊕Moderate   Critical
                                                                                                                                                                                                                            
  ICU admission rate                                                                                                                                                                                                        
  2                               RCTs             Not serious   Not serious   Not serious   Serious^b^    None   17/213 (8%)      15/190 (7.9%)    1.11(0.58--2.12)   8 per 1000 (from −43 to 59)            ⊕⊕⊕Moderate   Critical
                                                                                                                                                                                                                            
  ED discharge rate                                                                                                                                                                                                         
  2                               RCTs             Not serious   Not serious   Not serious   Serious^b^    None   23/111 (20.7%)   23/117 (19.7%)   1.04(0.63--1.72)   8 per 1000 (from −93 to 109)           ⊕⊕⊕Moderate   Critical
                                                                                                                                                                                                                            
  Need for escalation                                                                                                                                                                                                       
  4                               RCTs             Serious^a^    Not serious   Not serious   Not serious   None   13/296 (4.4%)    29/275 (10.5%)   0.41(0.22--0.78)   −62 per 1000 (from −105 to −19)        ⊕⊕⊕Moderate   Critical
                                                                                                                                                                                                                            
  Length of ED stay (hour)                                                                                                                                                                                                  
  3                               RCTs             Not serious   Serious^c^    Not serious   Serious^b^    None   276              255              ---                MD 1.66 hours (from −0.95 to 4.27)     ⊕⊕Low         Critical
                                                                                                                                                                                                                            
  Length of hospital stay (day)                                                                                                                                                                                             
  2                               RCTs             Not serious   Serious^c^    Not serious   Serious^b^    None   228              203              ---                MD 0.9 days (from −2.06 to 3.87)       ⊕⊕Low         Critical
                                                                                                                                                                                                                            
  Patient dyspnea score                                                                                                                                                                                                     
  2                               RCTs             Serious^d^    Serious^c^    Not serious   Not serious   None   83               85               ---                MD −0.82 point (from −1.45 to −0.18)   ⊕⊕Low         Critical
                                                                                                                                                                                                                            
  Patient comfort score                                                                                                                                                                                                     
  3                               RCTs             Serious^d^    Not serious   Not serious   Not serious   None   131              137              ---                SMD −0.76 SD (from −1.01 to −0.51)     ⊕⊕⊕Moderate   Critical

RCT, randomized controlled trial; HFNC, high-flow nasal cannula; COT, conventional oxygen therapy; CI, confidence interval; RR, risk ratio; MD, mean difference; SMD, standardized mean difference. ^a^All inclusion trials lacked blinding (performance bias), so escalation or intubation may be subjective. ^b^Insufficient evidence of clear benefit or harm because of a wide CI. ^c^Significant heterogeneity among the included trials (*I*^2^ \> 50%). ^d^Subjective outcome. ⊕, very low quality; ⊕⊕, low quality; ⊕⊕⊕, moderate quality; ⊕⊕⊕⊕, high quality.
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